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Abstract 
 
This paper describes an analysis of a defective microstructure of a mill roll. For this purpose, a piece of a broken roll was collected. 
That roll was made of mottled cast iron. Its microstructure consisted of modular graphite, transformed ledeburite and a matrix composed of 
bainite and martensite. Metallographic investigations were performed nearby the fracture in the roll. Observations were conducted on 
polished sections, first not etched, and then etched, which allowed us to trace carefully the propagation of the fracture. There was found a 
strict correlation between the microstructure of the roll and the progress occurring in the crack. It was ascertained that the basic reason for 
the damage to the roll was banded precipitations of ledeburitic cementite. In addition, cementite formed a continuous network. Another 
microstructure defects of that roll are also precipitations of secondary carbides on the boundaries of former grain of austenite as well as the 
occurrence of upper bainite in its matrix. The results obtained hereunder allow broadening the data base relative to the genesis of damages 
to mill rolls, which in future will permit one to design a proper microstructure of cast iron mill rolls. Proper microstructure of cast iron mill 
roll should be shaped at the stage of designing the chemical composition, conditions of crystallization or heat treatment if any. 
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1. Introduction 
 
Among the materials used in the manufacturing of working 
rolls, especially appreciated are iron matrix cast materials which 
results from their tribological properties and manufacturing costs. 
Instead, mottle cast iron is often used in the production of 
finishing stand rolls. High hardness and wear resistance of cast 
rolls depends mainly upon the carbide phases which occur in 
them. The morphology of those phases affect the resistance to 
cracking of cast rolls [1-6]. The influence of the microstructure on  
the properties of cast iron was discussed in many references [7-
12]. Broad knowledge of the effect of the morphology of carbide 
phases upon the propensity for damages in cast mill rolls can be 
obtained only through the collection of data pertinent to each 
single case of a roll broken during its operation. 
This paper is aimed at determining the reason for cracking in 
a cast iron roll. 
 
 
2. Test material 
 
The investigations hereunder were performed on a cast iron 
roll, made in Italy, which broke in its surface zone while in 
operation. Fig. 1 presents the place where this defect occurred. A 
piece of the damaged roll taken for investigations with a visible 
fracture area is shown in Fig. 2. Fig. 3 shows the procedure for 
preparing a polished section for microscopic observations. 
Table 1 shows the chemical composition of the roll under 
investigation. 
  
Fig. 1. Place where the defect in the roll under investigation 
occurred 
 
 
Fig. 2. Piece of the roll subject to investigation (see Fig. 1) with a 
visible fracture area 
 
Table 1. 
Chemical composition (weight %) of investigated roll 
C Mn  Si  Cr  Ni Mo 
3.45  0.65 1.40 0.70 3.07 0.86 
 
The cast iron under investigation is characterised with nodular 
graphite (Fig. 4). By analysing the morphology of precipitations 
of this graphite it can be ascertained that there occurs regular 
modular, irregular, chunky and disintegrated graphite varieties 
[13]. However, the microstructure of this cast iron is dominated 
by irregular nodular graphite. According to PN-75/H-04661, the 
graphite variety occurring in this cast iron corresponds to shape 
Gf8. Whereas, according to international standard ISO/R 945 – to 
class V or eventually to L (ASTM A 247-67) [14] - according to 
American or British notation. Taking into consideration the 
volume of graphite precipitations in the cast iron under 
investigation, according to PN-75/H-04661 this is cast iron of 
Gw45 class, whereas according to ISO/R 945 and ASTM A 247-
67 - of class 6. 
 
a) 
 
b) 
 
Fig. 3. Procedure for making a polished section: a) procedure for 
collecting a sample with the polished section marked, b) sample 
collected for metallographic investigations 
 
a) 
 
 
b) 
 
 
Fig. 4. Morphology of graphite precipitations. Specimen not 
etched 
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After etching, the matrix of the cast iron under investigation 
revealed a banded microstructure of precipitations of transformed 
ledeburite (ledeburite cementite). Fig. 5 shows this structure. 
 
a) 
 
 
b) 
 
 
 
c) 
 
 
 
d) 
 
 
Fig. 5. Microstructure of the cast iron roll under investigation. 
The shorter side of the microphotography is vertical to the 
working surface of the roll. Etched with 2% nital 
Banded precipitations of ledeburitic cementite are arranged 
vertically to the working roll surface. This microstructure results 
from a temperature gradient which occurs in the course of 
crystallization of this roll. As crystallization takes place due to the 
growth of dendrites in the direction of the said gradient (heat 
transfer), thus the eutectic phase which crystallises among those 
dendrites is also banded. Typical is a big share of ledeburitic 
cementite in the microstructure of this roll. That is why it forms a 
continuous network within large areas. Such a microstructure 
exerts a negative effect upon the quality of mill rolls. [15] Apart 
from precipitations of graphite and ledeburitic cementite, the 
matrix of the roll under investigation consists mainly of upper 
bainite. Nevertheless, there may be distinguished small areas with 
a microstructure typical of lower bainite, or even martensite. The 
matrix microstructure can be observed especially at high 
magnifications, which is shown in Fig. 6. 
 
a) 
 
b) 
 
Fig. 6. Matrix microstructure at ledeburitic cementite 
precipitations. Etched with 2% nital 
 
A detailed analysis on the matrix allows discerning slight 
precipitations of secondary cementite (or other secondary 
carbides) along the boundaries of primary austenite grains 
(Fig. 7). In some cases; in the matrix microstructure one can also 
see small areas in which diffusing transformations of austenite 
have taken place (Fig. 7). Those transformations nucleate on 
precipitations either of ledeburitic cementite or secondary 
carbides. 
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Fig. 7. Precipitations of secondary carbides along the boundaries 
of primary austenite grains with visible troostite nucleating on 
them. Etched with 2% nital 
 
Fig. 8 shows the profile of the fracture which caused the 
defect in the roll under investigation. This fracture is characterised 
with a small propagation. It results from the fine microstructure 
occurring on this roll and banded precipitations of ledeburitic 
cementite (see Fig. 5). 
 
 
Fig. 8. Profile of the fracture in the roll under investigation. 
Fracture area electroplated with a nickel film. Specimen not 
etched 
 
Observations of the fracture that caused the damage to the 
surface of the roll under investigation, performed on both etched 
and not etched specimens, allowed us to trace the progress of this 
phenomenon (Fig. 9). It can be seen that the crack which gave rise 
to the fracture said must have run along the banded precipitation 
of ledeburitic cementite, which can be also corroborated by the 
propagation lines of visible secondary cracks (Figs. 9a,b). The 
role of banded precipitations of ledeburite cementite as paths 
favouring the crack expansion ended in the damage to the roll 
under investigation, which in turn, is corroborated by 
metallographic observations performed under high magnifications 
in the zones of the said fracture (Fig. 10). 
Metallographic observations on the roll revealed the place 
with a deep crack parallel to its fracture (vertical to the roll 
working surface), which allowed to trace its development. Fig. 11 
shows the said crack on an unetched and etched specimen. It can 
be seen that this crack runs along the banded precipitations of 
ledeburitic cementite. Only observations made on the 
development path of the crack mentioned under higher 
magnifications allowed (Fig. 12) one to determine exactly the role 
of the microstructure in the cracking which occurred within the 
roll. It can be seen that apart from ledeburitic cementite (Fig. 12a) 
also other components of the microstructure may facilitate the 
crack propagation. Such a factor is secondary cementite (or other 
secondary carbides) precipitated on the boundaries of primary 
austenite grain. (Fig. 12b). Essential is also the role of graphite 
precipitations which can be considered as voids (graphite does not 
transfer stresses). The passage of the crack through graphite 
precipitations can be observed in Fig. 12c. 
 
a) 
 
b) 
 
 
c) 
 
 
d) 
 
Fig. 9. Propagation path of the fracture which caused the damage 
to the roll: a,c) unetched specimens; b,d) places on unetched 
specimens subsequently etched with 2% nital. Fracture surface 
electroplated with nickel film 
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b) 
 
Fig. 10. Microstructure in the fracture area of the roll under 
investigation. Fracture surface electroplated with nickel film. 
Etched with 2% nital 
 
       a)         b) 
   
Fig. 11. Crack in the roll: a) unetched specimen, b) etched 
specimen. Fracture surface electroplated with nickel film. 
Etched with 2% nital 
The occurrence of graphite immediately at precipitations of 
ledeburitic cementite through which the crack must have run 
facilitates also its passage through the bainite matrix and further 
propagation along successive precipitations of ledeburitic 
cementite. Also bainite matrix, especially that composed of upper 
bainite, facilitates the crack propagation (Fig. 12d). 
 
a) 
 
 
b) 
 
 
 
c) 
 
 
 
d) 
 
 
Fig. 12. Propagation path of the crack within the microstructure of 
the roll under investigation. Etched with 2% nital 
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The research results presented in this paper allow to formulate the 
following two conclusions: 
1.  Precipitations of ledeburitic cementite in the form of bands 
running from the roll working surface cause the danger of 
occurrence of a breaking within the roll surface. 
2.  Ledeburitic cementite, precipitated as a continuous network, 
also surface cause the danger of occurrence of a damage 
within the roll surface of cast iron rolls. 
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